Abstract-The origin of fast relaxation water in the terahertz frequency range have been elusive for years. In this contribution we have experimentally investigated the change in dynamical structure of water in salt solution using broadband dielectric relaxation spectroscopy (DRS) in the GHz to THz region to study the fast water. Numerical simulations have been conducted to quantify the dynamical properties in the hydration shell of the ions, including rotational and translational residence times. As the amount of the fast water increases with salt solution concentration, the fraction of water molecules with zero or one hydrogen-bond (HB) is also increased. We can conclude that the fast water is composed of the free water and one hydrogen-bonded water.
I. INTRODUCTION
ater plays many important roles in body, because of its ability to control the structure and function of biomolecules e.g.; DNA, protein and cell membrane etc. [1] . The activity of protein in the enzyme-substrate reaction is enhanced as the hydration increases [2] . A-B form transition of DNA is observed when the hydration of DNA is changed [3] . It is reported that water dynamics are affected by DNA concentration [4] . Therefore, it is important to understand the dynamics and structure of water in biochemical reactions. One of the most useful technique to investigate the dynamics of water is the dielectric spectroscopy in the microwave to terahertz region since it directly probes picosecond to subpicosecond molecular dynamics of water. There are two relaxation modes of water exist in the dielectric relaxation of water within the GHz to THz window [5] . The slow relaxation process, in the order of few picoseconds, is attributed to collective reorganization of hydrogen bond network [6] . However, by contrast, the origin of the fast relaxation process (fast water), in the order of sub-picosecond, in the terahertz region still under debate [7] [8] [9] .
Interestingly, correlation of the fast water fraction and structure of the lipid vesicle is discovered by the terahertz timedomain spectroscopy [10] . These result inspires the idea that the fast water is strongly related to the structure of the biomolecules. Therefore, analysis of dynamics and origin of the fast water is the essential procedure.
Here we investigated the effect of ions on the structure and dynamics of hydrogen bond network of water molecules. Since ions alter the strength and network of hydrogen bond, we expect to see the relationship between the dynamics of water molecules and the hydrogen-bond structure of water in salt solution. The dielectric constants of salt solution are experimentally obtained from broadband dielectric spectroscopy at 25 C. Experimental results have been complemented by extensive ab initio molecular dynamics simulations of aqueous electrolyte solutions. Such simulations have been used to compute the dynamics properties of water molecules in the hydration shell of the ions, including librational (hindered rotational), translational and hydrogen-bond dynamics, and the hydrogenbonds lifetimes and distribution.
In this study, we observed the fraction of the fast water from dielectric relaxation increases with salt solution concentrations. And the obtained result from MD simulation showed that the percentage of water molecules having zero or one hydrogenbond also increases. This coincidence allowed us to conclude that the fast water is originated from the free water and one hydrogen-bonded water.
II. RESULTS
To observe the structure and dynamics of water molecules in the salt solutions, we obtained the complex dielectric constants of salt solutions (Fig. 1) . The experimental data was fitted using a three-Debye model including ionic conductivity ,
where i is the relaxation time for the ith process, Si is the relaxation strength, is the angular frequency, is conductivity, is the infinite-frequency permittivity, and is permittivity of free space. ( 1) is the relaxation mode of fully hydrogen-bonded water. The fastest process ( 3) arises from the reformation of hydrogen bond. We can call the water in the second process ( 2) as the fast water.
We compare the fraction of the fast water and the fraction of water molecules having zero or one hydrogen-bond to prove the origin of fast water. (Fig. 2) From the dielectric strength of each relaxation mode we can calculate the fraction of fast water. The water fraction of fast relaxation mode is defined as S2 / (S1+S2+S3). Tommaso et al. studied the distribution of the number of hydrogen-bonds per water in salt solution. [11] In Fig. 2 , we can see the change of the fraction of the fast water and zero or one hydrogen-bond water (0-1 HB) as the concentration of two salt solution. The fraction of the fast water increases as the concentration of salt solution increases. At the same time, the portion of the 0-1 HB water also increases. Furthermore, the amount of fast water and 0-1 HB water is almost equal. The fractions of the fast water of KCl and NaCl solutions increase from 2% to 3.7% and from 2% to 5.8% respectively. Similarly, The amount of the 0-1 HB water increase from 1% to about 5.2% for KCl and from 1% to about 6.5% for NaCl. This evidences indicate that the fast water is originated from the hydrogen bond structure.
We argue that the fast water is a mode of two different water species: free water and one hydrogen-bonded water. The moments of inertia of free water and one hydrogen-bonded water are almost same. The moments of inertia of free water in three different axis are 2.9, 1.9, 1.0 ( 10 -47 kg cm 2 ) [12] . One hydrogen-bonded water can have two rotational axes. The one hydrogen-bonded water can freely rotate along with the axis in the direction of hydrogen bond and dipole moment of water. We checked the moments of inertia in that two direction are 1.4 and 1.9 10 -47 (kg cm 2 ) by calculation. Therefore, the rotational frequency of one hydrogen-bonded water is almost same as that of free water. However, the water molecules with two or more hydrogen-bonds slow down by the hydrogen bond. The free water and one hydrogen-bonded water might be the origin of fast water.
III. SUMMARY
The complex dielectric constant with different concentrations were obtained by broadband dielectric spectroscopy. The fraction of water molecules having zero or one hydrogen-bond from MD simulation is compared with the amount of the fast water. We investigate the correlation between the fraction of the fast water and hydration structure of water in salt solutions to reveal the nature of the fast water. The coincidence of increasing tendency between the fast water and water molecules having one and zero hydrogen-bond is observed. Moreover, the quantity of the fast water and zero or one hydrogen-bonded water nearly equal. Additionally, the one hydrogen-bonded water can rotate freely in the direction of the hydrogen bond without hindrance of other hydrogen bond with almost same time scale of the free water. This results imply that the fast water is strongly related to the structure of hydrogen bond network. According to these results we conclude that the free water and one hydrogen-bonded water are the origin of the fast water.
